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Abstract 

Background:  Transarterial chemoembolization (TACE) is the recommended treatment in intermediate stage of hepa-
tocellular carcinoma (HCC). Many indices are used to predict the outcome of the TACE. The location of the HCC has 
not been enough studied as a prognostic variable.

Results:  We evaluated 149 HCC nodules (111 patients) and analyzed the association between the response to TACE 
and the nodule location. There was a significant difference between the complete response (CR) and the non-CR 
group in the location of the HCC regarding its segment and the response to TACE with the anterior segment lesions 
achieving higher rates of complete response (CR) (P .03), and the distance between the tumor and the liver capsule 
with the subcapsular lesions showing higher rate of non-CR (P .02). However, there was no significant difference 
between the CR and the non-CR groups regarding the location between the right and the left lobes (P .48) and the 
central versus peripheral lesions (P .41).

Conclusions:  The location of the HCC can improve the prediction of the tumor response to TACE. Anterior segment 
tumors showed a higher rate of complete response and subcapsular lesions showed a higher rate of recurrence after 
TACE.
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Background
Primary liver cancer is the sixth most common malig-
nancy worldwide. Hepatocellular carcinoma (HCC) 
represents 75–85% of those cases [1]. Transarterial 
chemoembolization (TACE) is recommended in manage-
ment of stage B patients of Barcelona Clinic liver Can-
cer (BCLC) staging system. TACE combines delivering 
chemotherapeutic agents to the tumor as well as arterial 
embolization to induce tumor necrosis [2].

Liver cirrhosis induces morphometric and perfusion 
alterations in the liver parenchyma. These changes are 

more prominent in Child–Pugh Class A patients and 
decrease with the progression of the disease [3].

A study on hepatitis C-related cirrhotic patients dem-
onstrated anterior and middle segments atrophy with 
lateral and posterior segments and caudate lobe hyper-
trophy. This was attributed to higher venous pressure in 
the middle hepatic vein drainage area due to compression 
caused by cirrhotic nodules [4]. Also, a study showed 
that in case of portal vein obstruction there is a decrease 
in peripheral zone perfusion with atrophic changes, 
whereas the central zone acquires more blood flow caus-
ing its hypertrophy [5].
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The purpose of this study was to assess the relation-
ship between the location of the HCC and its response 
to TACE.

Methods
Patients
Retrospective analysis of patients who underwent TACE 
in our institution between January 2019 and December 
2020 was performed. Inclusion criteria were as follows: 
(1) diagnosis of HCC by CT, MRI or histopathology, 
(2) BCLC stage B patients, (3) patients who had naïve 
lesions, (4) patients who underwent conventional TACE 
and (5) technical success of TACE. Exclusion criteria 
were as follows: (1) recurrent HCC, (2) nodules who 
underwent additional ablation with TACE and (3) the 
presence of vascular invasion. Our study included 149 
nodules (111 patients).

TACE procedure
Puncture of the right common femoral artery and inserting 
6F vascular sheath was performed. A 5F Cobra head cath-
eter is introduced over 0.035″ hydrophilic guidewire, or 
coaxial microcatheter if necessary, and celiac-mesenteric 
angiography is done to confirm feeding arteries to HCC 

and assess liver anatomy. Selective catheterization was 
done as distal as possible to minimize collateral liver injury 
but proximal enough to treat the entire targeted lesion. 
Delivery of chemotherapy doxorubicin 50  mg/m2 (up to 
100  mg) emulsified in Lipiodol under continuous fluoro-
scopic visualization followed by gelfoam embolization.

HCC location
The location of the HCC was determined according to 
right and left lobes and anterior, posterior, lateral and 
medial segments and according to the Couinaud classi-
fication. Also, the location being central versus periph-
eral was defined by the coefficient of the HCC, which is 
the ratio of the distance from the hilum of the liver at 
the portal vein bifurcation to the center of the HCC (A) 
divided by the diameter of the whole liver on the same 
line (B) (Fig. 1.). Higher coefficient means more periph-
eral location, and lower coefficient means more central 
location.

Evaluation of treatment response
Contrast-enhanced CT or MRI (1  month after TACE) 
was used for follow-up and mRECIST criteria were used 
to assess tumor response [6] (Table 1).

Statistical analysis
The Mann–Whitney U test, Kruskal–Wallis test and Chi-
square test were used to assess the association between 
response to TACE and different variables. All analyses 
were performed using SPSS software version 26.0. A P 
value of < 0.05 was considered significant.

Results
TACE procedures were done on 149 nodules (111 
patients). The baseline characteristics are summarized in 
Table 2.

The response to TACE was classified to complete 
response (CR) group (Fig. 2) and non-CR group (Fig. 3) 
including partial response (PR), stable disease (SD) and 
progressive disease (PD). Results are summarized in 
Table  3 and the response in each lobe and segment is 
summarized in Table 4.

Fig. 1  The coefficient of the HCC = distance from the hilum of the 
liver at the portal vein bifurcation to the center of the HCC (A) divided 
by the diameter of the whole liver on the same line (B)

Table 1  mRECIST criteria

Complete response (CR) Disappearance of any intratumoral arterial enhancement in all target lesions

Partial response (PR) At least a 30% decrease in the sum of diameters of viable target lesions

Stable disease (SD) Any cases that do not qualify for either partial response or progressive disease

Progressive disease (PD) Increase of at least 20% in the sum of the diameters of viable (enhancing) target lesions
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The relationship between the HCC location and the tumor 
response
There was a statistically significant difference between 
the CR and the non-CR groups regarding the segmen-
tal location of the HCC with anterior segment show-
ing higher rates of complete response (P 0.03) (Fig.  4). 
However, there was no statistically significant differ-
ence between the CR and the non-CR groups regarding 
the location between the right and the left lobes (P 0.48) 
(Fig. 5).

As regards the central versus peripheral location of the 
tumor, there was no statistically significant difference in 
the median of the location coefficient between the CR 

and the non-CR groups compared between all segments 
(P 0.41) (Fig. 6). However, there was a statistically signifi-
cant difference between the CR and the non-CR groups 
regarding the distance of the tumor from the capsule of 
the liver (P 0.02), with the non-CR group showing shorter 
distance from the capsule compared to the CR group 
(Fig. 7).

Discussion
TACE is the recommended treatment in intermedi-
ate stage of HCC [7]. Different prognostic variables are 
used to predict the efficacy of TACE in different patients 
including tumor size, portal vein invasion, alpha-fetopro-
tein level, Child–Pugh grade and performance status [8].

TACE induces vascular endothelial growth factor, 
which promotes angiogenesis and can cause recur-
rence in the HCC [9]. Cirrhotic liver has parenchymal 
and perfusional changes that can alter the response to 
TACE in different liver regions [5]. Areas with atrophy 
and decreased perfusion can promote better response 
to TACE. In this retrospective study, we analyzed the 
relationship between the location of the HCC and its 
response to TACE to assess whether it can be included as 
a prognostic factor.

A novel finding in our study was the presence of a sig-
nificant correlation between the segment of the tumor 
and its response to TACE. The tumors of the anterior 
segment showed higher complete response rates. A study 
reported atrophy of the middle hepatic venous drainage 
area with atrophy of the anterior segment of the liver [4]. 
In cirrhotic patients, regenerative nodule compresses 
the hepatic veins and the middle hepatic vein is the most 

Table 2  Baseline characteristics

Age (years) Mean ± standard deviation 61.7 ± 7.5

Median (minimum–maximum) 62 (48–80)

Gender Male 119 (79.9%)

Female 30 (20.1%)

Etiology Hepatitis C 144 (96.6%)

Hepatitis B 5 (3.4%)

Child–Pugh score A 134 (89.9%)

B 15 (10.1%)

Size of lesions (mm) Mean ± standard deviation 33 ± 18.6

Median (Minimum–Maximum) 29 (10–95)

Location of the nodules Anterior segment 53 (35.65)

Posterior segment 52 (34.9%)

Medial segment 19 (12.7%)

Lateral segment 21 (14.1%)

Caudate 4 (2.7%)

Fig. 2  Complete response: A CT image showing complete Lipiodol deposition with no areas of tumoral arterial enhancement. B MR image 
showing no intratumoral enhancement
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affected one due to its smaller caliber and longer course 
compared to the other hepatic veins [4].

Several studies showed that peripheral area of the liver 
had less vascularity compared to the central areas, which 
should promote better efficacy of TACE in peripheral 
areas. A retrospective study indicated better response 
for TACE in the peripheral zone of the right lobe and 
the medial segment in Child–Pugh grade A patients [10]. 

However, in our study there was no significant difference 
between central versus peripheral tumors.

We observed a significant correlation regarding the 
distance between the tumor and the liver capsule and 
the efficacy of TACE with non-complete response 
occurring more frequently in the subcapsular region. 
Peripherally located and exophytic lesions have higher 
frequency of having extrahepatic collateral vessels; this 
can affect the efficacy of TACE [11]. It is suspected 
when there is a defect in Lipidol retention during the 
TACE procedure or there is recurrence in the follow-up 
imaging. Interventional radiologist should be familiar 
with the possible extrahepatic collateral supply and if 
possible chemoembolization of those vessels should be 
done [11].

Our study had several limitations. First, our sample 
included only HCC with viral etiology. Comparative 
studies with different etiologies are also necessary. Sec-
ond, very few lesions were present in the caudate lobe 
in our study for better assessment of the response to 
TACE in all the segments.

Conclusions
The location of the HCC can improve the prediction of 
the tumor response to TACE. Anterior segment tumors 
showed higher rates of complete response, and subcap-
sular lesions showed a higher rate of recurrence after 
TACE.

Fig. 3  Non-complete response: A CT (red arrow) and B MR image showing intratumoral arterial enhancement after TACE

Table 3  Response to TACE in all lesions

Response CR 98 (65.8%)
Non-CR PR 28 (18.8%)

SD 17 (11.4%)

PD 6 (4%)

Table 4  Response to TACE classified by lobes and segments

CR (n) Non-CR (n)

Right lobe 67 38

Left lobe 28 12

Anterior segment 41 12

Posterior segment 26 26

Medial segment 13 6

Lateral segment 15 6

Caudate 3 1
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Fig. 4  Bar chart showing the association between the segment of the tumor and CR and non-CR groups, significant difference (P .03)

Fig. 5  Bar chart showing the association between the lobe of the tumor and CR and non-CR groups, no significant difference (P .48)
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